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1. Attempt all the quesﬁons. . . - 6x3=18

0
(i)
(ii})
()
)

(vi)

@

(iD)

Which of the following wave functions are physically acceptable? Justify your
answer (a) 1/ x* (b) exp(—2x) -

How quiantum description of Harmomc osc111ator is different from the classical

descnp’aon" ’

Consider an electron confined to a one-d1mens10nal infinite potentral well, of
width L—-l .0'nm. Calculate the energles of first two excnted states.
Explain the concept of zero-pomt energy.

State Ehrenfest’s theorem.

. Verify the operator equatlon

x%p — px? = 2ihx

An electron is moving freely inside a one-dimensional infinite potential box with

 wallsatx=0and x =a. If the electron is iﬁitially'in the ground state (n = 1) of

the box and if the size of the box quadruples suddenly (the right-hand Wall is
moved instantaneously from x = a to x = 4a), calculate the probablhty of ﬁndmg

the electron in the ground state and first excited state of the new box.

Normalize the wave function: ' ,
‘I‘(x) e Wlsin2x , - (10, 8)




@ Explain‘the spreadmg of a Gaussian wave-packet with time.

(i) Find ¥(x) for a Gaussian wave packet @(k) = Aexp[—a®(k — ku)2 /4],
where A is normallzatton, constant. Calculate the probability to. finding the parti-
cle in the region —a/4 < x < .d/él-. 4 ' N (10,
8)

@) Deﬁnmg the raising and lowermg operators. as Ly = L.+ zL and Z_ =L;—
lL respectively, show that [Lz, L+ ] LhL+ and [L+ ) ] = 2#4L,.
(11) Ifthe incident beam has an energy of 15 eV, V =10 €V and a=1IA, calculate

the order of magmtude values of the transmission and reflection coefficiénts. (10, 8)

@ Solvethe time independent Schrodinger equation for the enetgy levels of a 1-D

harmomc oscillator.

(i))° A harmonic oscillator has’a wavefunction which is a superposmon of its ground.

state and first excited state’ elgenfunctlons, ie.,

Px) = ‘/— [v,bo )+ P, (x)]

Fmd the expectatlon value of the energy.
_ (13,5)

6. (i) Starting from 'the Schrodinger equation for hydrogen atom in spherical polar coordi- |

nates, split the equation into three parts.
(i) The wave function of the Hydrogen atom in 1s state is given by 1[)(15) =

1 T . . :
PR exp(——‘ao). Calculate the expectation value of the potential energy-of the electron in

this state. ' _ - (10,.8)



